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Abstract. The occurrence of the mytilid bivalve Lithophaga aristata as

a borer into the shell-plates of polyplacophorans is unreported. Our investi-

gation revealed this lithophage in the Panamic Chiton stokesii and, less

commonly, in the West Indian C. tiiheniihitiis. A review of other organ-

isms known to associate with chitons is provided, although none is appar-

ently deleterious to the host-species as in the case of Lithophaga. Damage
to the chiton by L. aristata appears to consist predominantly of the weaken-

ing of the shell-plates and not the destruction of the aesthetes of the

nervous system.

INTRODUCTION

Although several symbiotic organisms are known to live in

association with chitons, the boring of the mytilid bivalve Litho-

phaga into the shell-plates of polyplacophorans appears to be

unreported in the literature. During a dissection of a specimen of

Chiton stokesii Broderip, 1832, several Lithophaga {Myojorceps)
aristata (Dillwyn, 1817) were discovered in the shell-plates. A
survey was undertaken to assess the occurrence, and to determine

the nature, of the infestation of Lithophaga in C. stokesii and

other species of chitons from various localities. In addition, the

known symbionts of chitons were reviewed. The results, presented
in this paper, indicate that the presence of Lithophaga in the shell-

plates of chitons is unusual and represents the most detrimental

polyplacophoran symbiont known. We have observed L. aristata

boring in the shell-plates of the Panamic Chiton stokesii and the

Caribbean Chiton tuberculatiis Linnaeus, 1758.
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METHODSAND MATERIALS

Numerous specimens of Chiton stokesii, collected at various

localities in the Gulf of Panama by the senior author during July
and August 1969, were examined by radiographic techniques for

the presence of Lithophaga. A survey was made of the large col-

lection of Polyplacophora in the Museum of Comparative Zoology,
Harvard University, in an effort to locate other species host-

ing Lithophaga, and X-rays of suspected host-individuals were

made. All radiographs were checked for the number of lithophages

present, their spatial distribution, and orientation. Borers were

extracted at random to check their identity and all proved to be

L. aristata.

POLYPLACOPHORANSYMBIONTS

Few records are to be found in the literature concerning sym-
bionts of polyplacophorans, but organisms representing several

phyla are associated with chitons. Cryptochiton stelleri (Midden-
dorff, 1846) is known to harbor two commensals: a crustacean,

Opisthopus transversus (Rathbun, 1893) and an annelid, Arctonoe

vittata (Grube, 1855) (MacGinitie and MacGinitie, 1968; Web-

ster, 1968).

Glynn (1968) and Menzies and Glynn (1968) summarized

present knowledge of the symbionts of the mantle cavity on the

West Indian chitonids, Acanthopleura granulata (Gmelin, 1791)
and Chiton tuberculatus Linnaeus, 1758. Included were: the

isopods, Dynamenella perforata (Moore, 1901) with A. granulata
and C. tuberculatus; Exosphaeroma alba Menzies and Glynn,
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1968, Exosphaeroma cremilatum (Richardson, 1902), Dynamen-
opsis dianae Menzies, 1962 with C tuberciilatus; Exosphaeroma
alba var. chromata Menzies and Glynn, 1968 with C. mannoratus

Gmelin, 1791; and the foraniiniferan, AcerviiUna inhaerens

Schulze, 1854 and the amphipod, Parhyale hawaiensis (Dana,

1853) both with C. tuberciilatus; the harpacticoids, Harpacticus

sp. and Heterolaophonte sp. with A. ^ranulata and C tuberciilatus;

and the coUembolan, Actaletes ueptiini Giard, 1889 with A.

gramilata.

The mite Halixodes chitonis (Brucker, 1897) has been found

attached to the gills of the Neozelanic Cryptoconchus porosus

(Burrow, 1815) (Brucker, 1897; Brucker and Trouessart, 1900).
Helfman (1968) observed the ctenostomatous ectoproct Farella

elongata (van Beneden, 1845) in the ventral girdle tissue border-

ing the pallia! groove. Arey and Crozier (1919) reported the

following symbionts on the shell-plates of C. tuberciilatus: the

barnacle, Tetraclita; the polychaetes, Spirorbis and Serpula; and

algae, including the "Enteromorphas." They mentioned that the

algae afforded protection for various young moUusks, nematodes,

archiannelids, and protozoans. None of these symbionts has been

shown to be harmful to the host.

After conducting extensive studies on Chiton tuberciilatus , Arey
and Crozier (1919: 171-172) remarked: "The general impres-
sion derived from the consideration of destructive agents in relation

to Chiton is that these mollusks are very efficiently protected. The

length of life which they seem to attain, the variety of habitats

which they frequent, and the character of their sensory responses,
which determine certain features of their life in their habitats,

afford important evidence to this effect."

While the above statement is generally true for C. tuberciilatus,

the Panamic C. stokesii appears far more vulnerable to attack by
destructive agents than C. tuberciilatus. We observed large indi-

viduals of C. stokesii from different localities that were not only

greatly eroded, but heavily fouled with calcareous algae, bryozoans,
and polychaete tubes. Most of the latter were heavily infested with

Lithophaga aristata, some of which had grown large enough to fall

out of their burrows, leaving greatly weakened shell-plates. The
cases of C. tuberciilatus from Trinidad (MCZ 31955) and Isla

Margarita (MCZ 273763), in which we found examples harboring
L. aristata, appear to be rare. Our examination of numerous other
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samples of C. tuberculatus produced no additional Lithophaga.
It is probable that differences in shell-structure account for the

greater penetrability and susceptibility for fouling and boring in

C stokesii.

RESULTS AND DISCUSSION

The mytilid bivalve Lithophaga {Myojorceps) aristata (Dillwyn,

1817) (Figs. 7 and 8) bores into calcareous substrates, including
the shells of large bivalves (e.g., Spondyhis, Chama, Ostrea) and

gastropods (e.g., Haliotis, Patella, Strombus, and Pleuroploca) .

The species occurs in warm temperate to tropical waters in the

eastern Pacific, western Atlantic, and eastern Atlantic regions and

is usually found in shallow water, although Soot-Ryen (1955)

reported a living specimen taken from 165 fathoms (Turner and

Boss, 1962).
In both C. stokesii and C. tuberculatus, Lithophaga aristata

was present only in large specimens. This relationship coincides

with the findings of Arey and Crozier (1919) and Crozier and

Arey (1920) who observed the presence of barnacles, polychaetes,
and algae only on larger C. tuberculatus. The erosion of the shell-

plates, which is brought about by physical agents of the environ-

ment and by organisms which live on the chiton's shell, appears
to be a prerequisite for the boring of Lithophaga. During settle-

ment the pediveligers of L. aristata evidently reject the uneroded

areas of the polyplacophoran shell and metamorphosis occurs on

the eroded substrate. We noted that most lithophages began

boring at the posterior edge of the intermediate valves, which was

normally eroded in large individuals. Large C. stokesii showing
little or no erosion had few, if any, L. aristata; the valves of those

chitons that were considerably eroded revealed Lithophaga boring
in them at various places, not just at the posterior edge. Chiton

viridis Spengler, 1797, a Caribbean species that normally lives

below the low-water mark, is rarely eroded and no Lithophaga were

found in the shell-plates of this species.

After initial penetration of the shell, most L. aristata bored hori-

zontally. In several instances we observed the burrows of Litho-

phaga extending into a second valve. In one example from Culebra

Island, Canal Zone, which harbored over 40 L. aristata (Fig. 1 ),
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two individual lithophages had bored vertically from one valve to

the next, penetrating the intervening musculature (Fig. 4). One
such burrow passed from valve III into the insertion plate of valve

IV (Fig. 1). All cases of vertical burrows apparently occurred in

overcrowded conditions.

Most burrows of intermediate valves were roughly parallel with

the antero-posterior axis of the chiton with the siphons of the

Litlu)pluii>a pointed posteriorly, although they deviated somewhat

by orienting themselves along an axis extending from the zone of

erosion toward the nearest growth zone. The reason for this is

obvious. Should a lithophage burrow perpendicularly to the antero-

posterior axis and only in the region of the mucro, it would risk

having its surrounding substrate eroded away. By burrowing from

the zone of erosion toward a growth zone, the lithophage is assured

of an increasing substrate in which to bore. This explanation clar-

ifies the otherwise haphazard orientation of the burrows in the

posterior valve, where the oldest shell material is near the center,

not at the posterior edge (Fig. 2).

As the lithophage increases in size, it faces problems caused

by the restricted space in which it can grow. Although some

Lithophaga enlarge their burrows dorsally, most penetrate ventrally

and eventually reach the mantle of the chiton. When the latter

situation occurs, the chiton secretes a thin calcareous shield in an

effort to contain the intrusion of the lithophage. Sometimes more

than half of the ventral portion of the lithophage is situated below

the ventral shell-plate surface. In spite of the efforts of the Lith-

ophaga to increase in size and the chiton's effort to contain it, the

lithophage soon reaches a point where further growth is impossible.

Whether this represents a truly stenomorphic condition or not is

uncertain, because we do not know if the L. aristata we observed

ever reached sexual maturity. Lithophaga aristata is known to

attain a length of 52 mm(Turner and Boss, 1962); the largest

specimen extracted from a C. stokesii was 9.0 mm, while the aver-

age length was about 7.0 mm.
There is evidence that at least a few L. aristata outgrow their

restricted polyplacophoran substrate (Fig. 6). Some of the largest

burrows that we examined were exposed along their entire dorsal

surface, indicating that the lithophages may have fallen from their
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burrows. It is probable that specimens that outgrow the chiton

perish in the external environment.^

The effect of numerous Lithophaga in the shell-plates must be

detrimental to Polyplacophora. In addition to damaging the spe-
cialized portion of the nervous system that makes up the aesthetes

in the tegmentum, Lithophaga weakens the valves and, at times,

probably affects the maneuverability of the chiton. The seriousness

of damage to a large amount of the tegmental nervous tissue is

open to question and may depend upon the species involved. Aes-

thetes are photosensitive, being activated both by light of constant

intensity and by a decrease of light intensity (Arey and Crozier,

1919). Studies on the growth and behaviour of Chiton tubercu-

latus indicated that normal erosion of shell-plates and concomitant

loss of tegmental aesthete photosensitivity produced at least a

partial inversion in its phototropic response. While young C. tiiber-

ciilatiis are photonegative, older individuals may be irresponsive or

photopositive (Arey and Crozier, 1919; Crozier and Arey, 1920),

although Glynn (personal communication) found older C. tubercu-

latus from Puerto Rico also to be photonegative. It appears, then,

that Lithophaga mainly affects the durability of the shell, rendering

the chiton more susceptible to predation.
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Figure 1. Radiograph of disarticulated shell-plates from a specimen

of Chiton stokesii from Culebra Island. Panama Bay, Canal Zone

(MCZ 277122), showing a high degree of infestation by Lithopliaga aris-

tata (0.84 x ).

Figure 2. Enlargement of posterior valve of Fig. 1 (3.2 X ).

Figure 3. Typical siphonal opening of L. aristata burrow in an uneroded

portion of a C. stokesii shell-plate (12 X )•

Figure 4. Intervening shell-plate musculature located between valves IV

and V in Fig. 1, showing damage resulting from penetration of Lithophaga

(9.2 X).

Figure 5. Example of L. aristata (MCZ 277123) in shell-plate cross

section of C. stokesii from Punta Mala, Panama (3.9 x )•
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Figure 6. Exposed burrow of Lithophaga aristata in Chiton stokesii from

Panama City, Panama (MCZ 78821) (4.2 x ).

Figures 7-8. L. aristata extracted from burrow illustrated in Fig. 5

(MCZ 277123) (6.5 x ).


